SUMMARY
We record our experience with that subgroup of children who have obstructive sleep apnoea of sufficient severity to be admitted to the Paediatric Intensive Care Unit (PICU) following adenotonsillectomy. Our aim was to rationalize the criteria for elective admission to the PICU at the John Hunter Children's Hospital (JHCH).
MATERIALS AND METHODS
A database written in the Paradox Application Language (Borland International, Scots Valley, CA, U.S.A.) logging all operative procedures by a single surgeon or his registrars under direct supervision from 1 January 1997 to 31 December 2002, together with databases auditing adenotonsillectomy 1 , complications and clinical diagnoses were accessed to identify children who were electively admitted to the PICU at John Hunter Children's Hospital following adenotonsillectomy for obstructive sleep apnoea. These databases were cross-checked with all admissions to the JHCH PICU under the care of the surgeon. Queries matched indications for operation, complications, and duration of stay in PICU as well as epidemiological data. For tonsillectomy, a diathermy technique was used throughout the study period 1 . Adenoidectomy was always performed under vision. Conventional curette adenoidectomy followed by supplemental haemostasis and ablation of residual tissue obstructing the posterior choanae via diathermy ablation was used early in the series. Complete adenoidectomy via suction-diathermy ablation was developed later in the period 2 . All but two of the children who were elective admissions to PICU had a preoperative sleep study. Seven children underwent screening sleep studies [6 mattress studies (apnoea monitoring and oximetry), 1 impedance study], from which minimum oxygen saturation could be determined. Thirty-three children had a complete polysomnogram, from which minimum oxygen saturation and Respiratory Disturbance Index (RDI) were extracted.
RESULTS
In the six years from 1 January 1997 to 31 December 2002, 559 children underwent tonsillectomy with complete or partial adenoidectomy by the surgeon or his registrar under supervision. Age ranged from 0.7 to 14.8 (median 4.7 years). Of these, 378 (68%) had sleep-disordered breathing as the primary indication. Of these 378 children, 42 (11%) were considered to have obstructive sleep apnoea of sufficient severity to be electively admitted to PICU (11%). An important consideration for elective admission to PICU was a sleep study consistent with severe obstructive apnoea.
The 42 children who were electively admitted to PICU ranged in age from 0.7 to 11.3 years (median 2.8 years). A recognised syndrome and/or significant coexistent morbidity was identified in 23 children. Down syndrome was recognised in 7, cerebral palsy in 5, significant developmental delay or intellectual handicap in 4, Santavori-Haltia disease (part of Batten's complex) in 2 siblings, muscular dystrophy and chondrodysplasia each in one child, and cyanotic heart disease in 3. Other syndromes included hemifacial microsomia 1 Of the 42 children electively admitted to PICU following adenotonsillectomy, 35 required no additional intervention other than elective supplemental oxygen and routine PICU monitoring. Seven children (17%) required additional intervention beyond supplemental oxygen.
One child aged 11 months with prematurity, cerebral palsy, microcephaly, developmental delay, epilepsy and severe mixed obstructive and central sleep apnoea required postoperative intubation and ventilation for four days after failed extubation. Bradypnoea and paroxysmal neck hyperextension leading to obstruction as well as a susceptibility to narcotics were implicated.
One child aged 11 years with intellectual handicap, recurrent croup-like episodes, developmental delay, tracheomalacia and a syndrome not precisely characterized was booked for elective PICU admission postoperatively, developed rapidly progressive supraglottic oedema during the later stages of the operation, was left intubated overnight, but settled over 12 hours. Extensive investigation failed to identify a cause but a drug reaction was considered.
Five children were returned from the operating room to PICU with a nasopharyngeal tube in situ. This was a precaution taken to bypass palatal oedema, to allow for nasal CPAP, and to avoid the need to insert a nasopharyngeal tube over the adenoid bed while awake.
Of the 33 children admitted to PICU for whom full polysomnogram data were available, five required intervention other than elective supplemental oxygen. All five had an RDI greater than 40, or an RDI greater than 20 plus oxygen saturation nadir of less than 70%.
During the study period there were no unplanned admissions to PICU from either the operating room, recovery room, or from the ward.
DISCUSSION
"Sleep disordered breathing" in children encompasses various alveolar hypoventilation syndromes characterized by alveolar hypoxia, which may be associated with systemic hypoxaemia and hypercapnia. It is a spectrum of disease ranging from snoring through upper airway resistance syndrome to obstructive sleep apnoea.
Criteria for the diagnosis of sleep apnoea in adults are well-defined 3 but categorization remains inadequate in children. "Obstructive apnoea" implies the absence of airflow past nasal and buccal thermistors despite continued or increasing ventilatory effort recorded by thoracic and abdominal strain gauges. Its significance depends upon the respiratory rate. A 10 second pause at a ventilatory rate of 12 per minute means two breaths are missed, whereas a 10 second pause at a rate of 30 breaths per minute means five breaths have been missed. Although desaturation is less commonly seen in children, since their oxygen consumption/supply ratio is higher and their functional residual capacity is lower in sleep, even brief apnoeas can result in desaturation 4 . The severity of sleep apnoea in children can be graded based on the RDI (also known as the apnoea-hypopnoea index). This describes the number of apnoeas plus hypopnoeas per hour of sleep. Upper airway resistance syndrome (characterized by short EEG arousals and sleep fragmentation, typically with paradoxical chest wall motion, during REM sleep, without decreased airflow or desaturation) is diagnosed if the RDI is less than five per hour, and obstructive sleep apnoea if the RDI is more than five per hour 5 . Severity of obstructive sleep apnoea may be graded as mild (RDI 5-10), moderate (RDI 10-20), or severe (RDI >20).
The exact incidence of obstructive sleep apnoea in children is unknown. It is reported that 3-12% of pre-school children snore 6 , and 0.7-3% suffer sleepdisordered breathing. The peak incidence is from three to six years of age. There is a normal physiological enlargement of the tonsils and adenoids between two and five years of age, while the mid-face does not grow significantly until around six years of age, resulting in a relatively disproportionate increase in the size of the tonsils and adenoids. In addition, numerous well-recognised syndromes predispose to the development of obstructive sleep apnoea in children.
Pathophysiologically, the development of sleepdisordered breathing is due to the interaction of physiological as well as anatomic factors associated with sleep. Sleep is associated with both an increase in airway resistance (especially during non-REM sleep), and a decrease in muscle tone (especially during REM sleep). Children with obstructive sleep apnoea experience obstruction primarily during REM sleep 6 . Thus in a polysomnogram, the RDI in REM is of more significance than the total RDI. Apnoea and desaturations are more common and more severe during REM sleep because abdominal (diaphragmatic) and thoracic breathing are decoupled so that the child uses the diaphragm only, with a tendency to hypoventilation (the paediatric thorax has a higher compliance so, if obstructed, "paradoxical" motion results). In REM sleep the isocapnic-hypoxaemic response and the hypercapnic responses are significantly reduced compared to non-REM, and awake stages 7 and sleep-deprivation further reduces the response.
It is thought that a similar interaction between physiological and anatomical factors predisposes the child with severe obstructive sleep apnoea to postoperative cardiorespiratory events after relief of the obstruction by adenotonsillectomy. Following adenotonsillectomy for severe obstructive sleep apnoea there tends to be postoperative pooling of oral and oropharyngeal secretions, REM-rebound is welldescribed 8 with the potential for significant hypoventilation and hypoxaemia, oedema of the uvula and sometimes palate is common and an anecdotal increase in arrhythmias is described. Pulmonary oedema may occur following the relief of acute or acute-on-chronic airway obstruction 9 . The general anaesthetic effect of decreased activity of the pharyngeal dilator muscles may persist well after awakening 10 . Higher RDIs preoperatively are associated with a greater risk of postoperative events [11] [12] . Younger children may be at greater risk for ventilatory compromise postoperatively because of their relatively large tongue, smaller mandible, and neuromotor immaturity. Postoperative events have been documented up to 14 hours postoperatively 11 and REM sleep may not be reached until 18 hours postoperatively 12 . Careful postoperative observation is mandatory but where to undertake this is more difficult, especially given the cost of a PICU bed day.
Potsic comments that those children with more severe degrees of obstructive sleep apnoea may be worse immediately postoperatively due to pharyngeal oedema and excessive secretions and "may require nasopharyngeal intubation, endotracheal intubation, supplemental oxygen and oximetry" in ICU 13 . McColley et al retrospectively reviewed 69 children with polysomnogram-proven obstructive sleep apnoea who were admitted to the PICU after adenotonsillectomy for obstructive sleep apnoea 11 . They identified 16 (23%) who had postoperative severe respiratory compromise. This was defined as at least one episode of desaturation to 70% or less and/or hypercapnia greater than 45 mmHg requiring "physician or nurse intervention". The cause was attributed to obstruction in 15 and hypoventilation not clearly due to obstruction in one case. The intervention required was supplemental oxygen and "frequent repositioning" in all 16, placement of a nasopharyngeal airway in two, heliox in two, and endotracheal intubation in two cases. Of the remainder, 11% had mild desaturation and 65% had no respiratory compromise. Although this paper comments upon the "significant risk of severe respiratory compromise following adenotonsillectomy in children with obstructive sleep apnoea", it is not unreasonable to expect the paediatric surgical ward to be able to deliver supplemental oxygen and frequent repositioning once the child is ready to leave the recovery room. This would leave two children needing a nasopharyngeal tube, two requiring endotracheal intubation, and two who received heliox, and thus needed to be in a PICU environment.
Rosen et al retrospectively reviewed 174 children who underwent adenotonsillectomy over a seven-year period 12 . Of these 37 had polysomnogram-proven obstructive sleep apnoea and were admitted postoperatively to PICU for monitoring. Of these, 10 (27%) had significant postoperative upper airway obstruction characterized by snoring, increased work of breathing when asleep, oxygen desaturations to below 80% requiring frequent repositioning and supplemental oxygen. Two required continuous positive airway pressure or bilevel positive airway pressure alone, two required prolonged intubation (36 hours and 4 days) and one required re-intubation for respiratory failure. Of the 37 admitted to PICU, five required intervention beyond close observation, supplemental oxygen and repositioning.
Risk factors for postoperative obstruction in the series of McColley et al 11 were age less than three years (P<0.001), an Obstructive Event Index (or RDI) greater than 10 (P=0.02), weight less than the 5th centile (P=0.01), a recognised craniofacial anomaly or cardiac disease (P=0.01) and chest radiograph anomaly (P=0.03). No surgical or anaesthetic factors were implicated but an electrocautery technique predominated. Regression analysis suggests multiple risk factors may be involved and are cumulative. In the series of Rosen 12 , risk factors associated with a poorer outcome included an age less than two years (P=0.001), RDI above 40 or oxygen saturation nadir of less than 70% (P=0.001), and associated problems including craniofacial anomalies, hypotonia, morbid obesity, upper airway burns, failure to thrive and cor pulmonale.
The five children who required intervention other than elective supplemental oxygen in the current series would have been identified using parameters of RDI greater than 40 or RDI greater than 20 plus oxygen saturation nadir of less than 70%. Severity of the sleep study alone though does not seem to identify those children who will have postoperative respiratory compromise. It is the combination of anatomic and neuromuscular problems on a background of severe obstructive sleep apnoea which may precipitate postoperative respiratory compromise. As a result of the experience reported both in the literature and in this series, we have adopted the criteria for elective admission to the PICU at JHCH listed in Table 1 .
To the risk factors identified by McColley 11 and Rosen 12 we have added children who have obstructive sleep apnoea associated with central apnoea accounting for more than 30% of total respiratory events, because of possible anaesthetic-related respiratory compromise; and also those children at significant risk of a primary haemorrhage due to a recognised blood dyscrasia who are less than three years old, because of possible haemodynamic compromise. Non-elective (unplanned) admission from the operating theatre or recovery, after discussion with the PICU, is always available.
TABLE 1 Criteria for elective admission to the PICU at the John Hunter
Children's Hospital 1. PSG proven OSA with RDI greater than 40 2. RDI greater than 20 plus one of the following: desaturation <70%; age less than 3 years old; weight less than the 3rd centile; specific syndrome liable to postoperative airway obstruction (e.g. craniofacial syndrome, mucopolysaccharidosis, Down syndrome, Pierre Robin sequence, achondroplasia); associated central apnoea (more than 30% of total respiratory events); or neuromuscular disease 3. significant risk of a primary haemorrhage due to blood dyscrasia and <3 years old 4. complex/cyanotic congenital cardiac disease
